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Abstract Chitosan/agar (CS/AG) films were prepared by blending different 
proportions of chitosan and agar (considering chitosan as the main component) 
in solution forms. The chemical structure and the morphology of the obtained 
blended films were investigated using Fourier transform infrared (FTIR) and 
field emission scanning electron microscope (FESEM). It was revealed that 
chitosan and agar form a highly compatible blend and their films displayed 
homogenous and smooth surface properties compared to the individual pure 
components.  
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Introduction 
Polysaccharides are a class of natural polymers that have been receiving an increasing 
attention in various fields of industrial interest including food technology, pharmaceutics 
and waste water treatment 
1
. This is because polysaccharides are renewable resources, 
abundant, nontoxic, inexpensive and biodegradable materials, in addition to their great 
potential to replace synthetic polymers in many applications 
2
. Among polysaccharides, 
chitosan [poly (1,4-β-D-glucopyranosamine)], which is usually obtained by alkaline 
deacetylation of the second most abundant naturally occurring polymer i.e., chitin, possesses 
valuable properties (biocompatible, biodegradable, antibacterial nature and film forming 
ability) promoting its use in a variety of interesting applications  
3,4
. Furthermore, chitosan 
has reactive amine side groups, which offer possibilities of modifications, graft reactions and 
ionic interactions 
5
. Therefore, pure and modified chitosan have been evaluated for 
numerous applications, including medicine, food, cosmetics and wastewater treatment in 
various occasions 
6-10
. Among all modification methods, blending of chitosan with other 
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natural polymers has been proposed as a convenient and effective means to improve its 
physical properties to meet the requirements for practical applications. Studies on blend 
films of chitosan/cellulose 
11,12
, chitosan/starch 
13
, chitosan/gelatin 
14
 and chitosan/collagen 
15
 have been reported in various occasions.  
  Agar, an unbranched polysaccharide, is a hydrophilic colloid extracted from the family 
of seaweeds (Rhodophycae) having the structure of 1,4-linked-3,6-anhydro-α-L-
galactopyranose 
16
. One of the most important properties of agar is its ability to form 
reversible gels even at low concentration simply by cooling its hot aqueous solutions. This is 
due to the formation of hydrogen bonds 
17-19
. This has given agar a wide use in a variety of 
industries including food industry products such as processed cheese, ice cream, bread and 
soft candy 
20,21
. Blending agar with other polymers is very scarce. Hydrogel blends of agar 
with polymers such as poly (vinyl pyrrolidone) (PVP) have been prepared 
22
. However and 
up to knowledge of the authors reports on blends of chitosan with agar have not been 
reported in literature.  
  Since, chitosan is known for film forming ability caused by rigidity imparted by the 
presence of hydrogen bonding in its structure, blending it with agar would help to improve 
its gelation and swelling properties while imparting mechanical strength to the agar. The 
similarity in the primary structures between agar and chitosan shown in Figure 1 suggests a 
high possibility for formation of a much needed homogeneous blend hydrogel films. The 
combination of the properties of chitosan including its antibacterial and biocompatibility 
with gel-forming agar makes the obtained hydrogel blend appealing for some biomedical 
applications. 
 
 
 
 
Agar 
Figure 1: Chemical structure of chitosan and agar. 
  In this study, we report on preparation of chitosan/agar films obtained by physical 
solution blending of chitosan and agar at different proportions. FTIR spectral analysis was 
used to confirm the presence of functional groups of both chitosan and agar in the blend. 
Morphology of various blended films of chitosan/agar was investigated in correlation with 
the agar content in the blended films. The effect of the agar content on the thickness of the 
blend was also studied in this work. 
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Experimental   
 
Materials  
Chitosan with a degree of deacetylation (DD) of 88.1% determined by UV method 
23
 was 
obtained from a commercial source. Agar was purchased from Sigma-Aldrich and its 
molecular weight was 1.3 ×10
4
 g mol
-1
. Acetic acid (glacial 100%, pro-analysi) was 
purchased from Merck (Darmstadt, Germany). Ultra pure water (Maxima Ultra Pure Water, 
Elga-Prima Corp, UK) with a resistivity greater than 18MΩ/cm was used to prepare all 
solutions. All chemicals were used without further purification and freshly prepared 
solutions were used in all experiments. 
 
Preparation of solutions 
Chitosan was dried in an oven until a constant weight was observed. A 10 g L
-1
 solution of 
chitosan was prepared by dissolving 5 g of chitosan in 500 mL acetic acid (0.1M) followed 
by stirring and heating at 60
o
C for 16 h. The solution was filtered to remove dust and other 
traces of impurities. Air bubbles formed in the solution were eliminated by keeping the 
solutions at room temperature for 2 h. A similar 10 g L
-1
 solution of agar was prepared by 
dissolving 5 g in 500mL preheated ultrapure water. The solution was then stirred and kept at 
about 75
o
C for 3 h. 
 
Preparation of blend films  
The preparation of blend films of chitosan and agar was carried out at various proportions. 
The aqueous agar solution was added drop by drop to the chitosan solution, under 
continuous stirring at 90
o
C in various proportions by volume. The range of the added agar to 
chitosan solution was from 0-50 vol%. Stirring was allowed to continue for 30 minutes after 
mixing. Films of the resulting homogeneous solutions were obtained by casting prescribed 
amounts of the blend solution onto polystyrene Petri dishes followed by drying at 60
o
C for 
48 h. The films were peeled off and kept under evacuated desiccator over a fresh silica gel 
until use. All films obtained were transparent and free of air bubbles.  
  Similar films from pure chitosan and agar were prepared using the same casting 
procedure and used as references.  
 
Film thickness 
The film thickness was measured with a digital micrometer (Mitutoyo, Japan) with 0.001mm 
resolution. Several thickness measurements were taken at various positions on each 
specimen and the average values were recorded. 
 
Molecular weight measurements 
The molecular weight of chitosan was determined by gel permeation chromatography (GPC) 
equipped with a Waters 1515 HPLC pump and a Waters 2414 refractive index detector. The 
column used was PL aquagel-OH 30 (8 μm, 300 × 7.5 mm) and the solvent was 1% acetic 
acid solution.  
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FTIR measurements 
FTIR measurements of blend films (10μm ± 2 thick) were performed on a Perkin Elmer 
(model-2000) spectrometer. The spectra were obtained at a frequency range of 4000-400  
cm
-1
 with a resolution of 4 cm
-1
 and 8-times scanning rate.  
 
FESEM measurements 
Surface morphology was investigated by a FEI Quanta 200F field emission scanning 
electron microscope (FESEM) (FEI, USA) controlled by a 32 bit computer system using 
Microsoft Windows 2000 as an operating system. 
Results and Discussion 
Molecular weight of chitosan 
The molecular weight of chitosan used in this work was obtained by GPC and found to be 
5.5 ×10
5 
g mol
-1
. This value was found to be going along with some values reported in the 
literature. For example, Ladet et al. 
24
 and Notin et al. 
25
 reported values of Mw of 5.5 ×10
5 
g 
mol
-1
 and 5.4 ×10
5 
g mol
-1
 respectively for chitosans with higher DD. Also Li et al 
26
 
reported a value of Mw around 3.0 ×10
5 
g mol
-1
 determined by GPC method for chitosan 
with 85% DD. 
 
Chemical structure 
Figure 2 shows a typical spectrum of pure chitosan film. The broad band at 3367 cm
-1
 is due 
to the OH stretching. The band at 1560 cm
-1
 is assigned for the NH bending (amide II) 
(NH2) while the small peak at 1648 cm
-1
 is attributed to the C=O stretching (amide I) O=C-
NHR. The bands at 2927, 2884, 1411, 1321 and 1260 cm
-1
 are assigned to CH2 bending due 
to pyranose ring 
27
. The band at 1380 cm
-1
 is due to CH3 wagging. The characteristic 
features of chitosan spectrum in this study are going along with previous reports 
28,29,13
. 
  FTIR spectrum of agar film is presented in Figure 3. The absorption band at about 3400 
cm
-1
 is associated with O-H stretching 
30
 while the peak at 2900 cm
-1
 is attributed to 
methoxyl groups 
31
. The band at around 1643 cm
-1
 is due to the stretching vibration of the 
conjugated peptide bond formed by amine (NH) and acetone (CO) groups 
32
. The peak at 
1370 cm
-1
 is assigned to ester sulfate 
31
 (not shown in general chemical structure in Figure 1 
and their presence can be due to variation agar species and method of extraction) and the 
bands at 1070 and 930 cm
-1
 are associated with the 3,6-anhydro-galactose bridges 
33
. 
  Figure 4 shows the FTIR spectra of chitosan and agar blend films containing various 
agar proportions. A summary of characteristic bands of chitosan and agar blend films is also 
presented in Table 1.  As can be seen, the increase in the agar content in the blend films 
caused a decrease in the intensity of the band arising from the NH bending (amide II) at 
1560 cm
-1
 of chitosan. This was coupled with a similar decrease in the absorbance band at 
1411 cm
-1
 and an increase in the band absorbance at 1380 cm
-1
. Furthermore, the spectra of 
blend films show the disappearance of the intensive band at 1033 cm
-1
 that was obviously 
observed in the pure chitosan film and chitosan/agar blend containing agar content of 10%. 
This is due to the fact that mixing two or more polymers leads to changes in characteristic 
peaks occurrence as a reflection of the physical and chemical interactions 
34,35
. These 
observations indicate the existence of good miscibility between chitosan and agar, which is 
most likely caused by the formation of intermolecular hydrogen bonds between the amino 
and hydroxyl groups in chitosan and the hydroxyl groups in agar.  
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Figure 2:  Typical FTIR spectrum of pure chitosan film. 
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Figure 3:  Typical FTIR spectrum of pure agar film. 
 
Figure 4:  Typical FTIR spectra of chitosan/agar blend films having various proportions. 
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Table 1. FTIR  characteristic bands of chitosan/agar blend films at various proportions.  
Chitosan/agar 
(%) 
OH 
C=O 
(amide I) 
NH 
(amide II) 
CH 
(amide II) 
C-C C-O 
100/0 3368 1648 1561 1411 1380 1033 
90/10 3368 1647 1559 1412 1379 1035 
80/20 3371 1651 1558 1411 1379 - 
70/30 3368 1646 1559 1411 1379 - 
60/40 3371 1647 1560 1412 1378 - 
50/50 3379 1647 1559 1417 1376 - 
0/100 3400 1643 - 1409 1373 - 
 
Surface analysis 
Figure 5 shows the SEM micrographs of surfaces of chitosan/agar blend films containing 
different proportions of agar together with the corresponding ones of pure chitosan and agar 
films. As can be seen, chitosan film shows smooth and homogeneous surface with some 
straps unlike that of pure agar which exhibits a rougher surface. The surfaces of the blend 
films of chitosan and agar seem to have no interface layer and more homogeneous than that 
of pure chitosan and agar films. This confirms that chitosan and agar are highly compatible. 
The formation of homogeneous blends of chitosan and agar was mostly caused by the 
interactions of hydrogen bonds between the functional groups of the blend component (–OH 
and –NH2 groups in chitosan and –OH groups in agar). 
 
 
 
   
 
 
 
 
 
                     (a)           (b) 
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Figure 5:  SEM micrographs of chitosan/agar blend films (a) 100/0, (b) 0/100,  c) 90/10, (d) 
80/20, (e) 70/30, (f) 60/40 and (g) 50/50. 
Effect of the agar content on the thickness of the blend 
The variation of the thickness of pure chitosan film and its blends with agar prepared using 
the same amount of solution (10 mL) is shown in Figure 6. The thickness increased from 
0.012 to 0.016 mm when agar concentration was raised from 10 to 40% beyond which the 
increase in agar content does not bring any significant changes to the thickness of the blend 
film. The increase in the thickness with increasing agar content is most likely due to the 
combined hydrophilic nature of the agar associated with water molecules involved in 
hydrogen bonding with that of chitosan. Such water molecules remain bound to the films 
even after standard drying procedure. The absence of significant changes in the thickness at 
agar concentration beyond 40% could be due to a compensating expansion that might took 
place in the other two dimensions of the films i.e. the width and length or/and the existence 
of moisture equilibrium relationships at film-air interfaces. 
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Figure 6:  The thickness of the chitosan/agar blend film as a function of agar content. 
Conclusions 
Blends of chitosan and agar in film forms have been successfully prepared at various 
proportions in the range of 90/10-50/50 (v:v). The obtained blended films possess 
hydrogelic nature and can be characterized by high miscibility between chitosan and agar as 
confirmed by the results of FTIR and FESEM. It was also found that the blended films 
displayed homogenous and smooth surface properties compared to the individual pure 
components.  
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